INTRODUCTION
Obesity is a major health concern in the developed as well as the developing countries. It leads to increased mortality and morbidity through type 2 diabetes, metabolic syndrome, coronary heart disease, stroke, cancers, liver and gallbladder disease, sleep disorders, and osteoarthritis. 1 The prevalence of obesity in both adults and adolescents has been increasing in the past decades in Asia. 2 Similarly, the rate of death from any cause related to obesity had a J-shaped association with the body mass index (BMI) in Korea. 3 Although environmental factors have driven its prevalence to epidemic proportion, heritability studies provide evidence for a substantial genetic contribution, with heritability estimates (h2) of B40 --70% to obesity risk. 4, 5 To identify the genetic determinants of BMI, genome-wide association studies, mostly with Caucasian populations, were conducted, and identified many loci in or near candidate genes. 6 --11 Among the loci, two (LOC729076 and FTO) were also reported in Koreans by the Korean Association Resource (KARE) study. 12 Among the studies, the latest and largest study was conducted by Genetic Investigation of Anthropometric Traits (GIANT) consortium. 9 The GIANT study identified 14 known obesity susceptibility loci and identified 18 new loci associated with BMI. The GIANT study used as many as 249 796 subjects, which was sufficient to detect the susceptibility loci having small effect sizes.
Because the prevalence and severity of obesity vary among ethnic groups, it is worthy to investigate the findings in Caucasians of the genetic factors in an Asian population. Therefore, in this study we conducted the association analysis of single-nucleotide polymorphisms (SNPs) reported by the GIANT consortium in 8842 Koreans using KARE data, which is the genome-wide association study based on the epidemiological cohorts in Korea.
MATERIALS AND METHODS

Study subjects and genotypes
The subjects and their genotypes in the original study have been reported. 12 The recruited 8842 individuals were from KyungGi-Do province, near Seoul, Korea. BMI was calculated by the formula weight (kg)/height 2 (m 2 ). This study was approved by the Institutional Review Board of the Korea National Institute of Health, as well as of Kyung Hee University Hospital, and all participants provided informed consent for participation in this study.
Genotyping
The genotypes were obtained from Affymetrix Genome-Wide Human SNP array 5.0 (Affymetrix Inc., Santa Clara, CA, USA). The genotype quality control criteria were reported in the previous genome-wide association study. 13 Briefly, every 500 ng of genomic DNA was genotyped by Affy 5.0 and the Bayesian Robust Linear Modeling using Mahalanobis Distance genotyping algorithm was used for genotype calling.
14 Samples with high missing genotype call rate (X4%), high heterozygosity (430%), inconsistency in sex and any kinds of tumor were excluded from subsequent analyses, along with related or identical individuals whose estimated identity-by-state value was high (40.80). 13 
Genotype imputation
Of the 32 SNPs that were reported by the GIANT consortium, only 5 SNPs were actually genotyped in the original KARE genotype data based on Affy 5.0. To maximize the association analysis in Koreans, imputation was made Table 1 . Ancestral allele frequencies in GIANT, KARE and dbSNP data, and the effect size (b) and significance level (P) for GIANT and KARE using the Chinese --Japanese HapMap dataset to obtain additional 14 imputed SNPs. A total of 19 SNPs were analyzed in this study. The detailed imputation procedure has been published. 15 Briefly, the KARE dataset, comprising 351 677 SNPs for 8842 individuals, was merged with that of the International HapMap Phase II JPT (Japanese) þ HCB (Chinese) panel 2. The genotypes of the KARE individuals were imputed using IMPUTE. 16 Using the filtering scheme of INFO X0.5 and posterior probability X0.9, a total of 1 827 004 SNPs were imputed, and among them an additional 14 SNPs that matched the 32 SNPs reported by the GIANT were selected for this study. The genotyped SNPs around the imputed SNPs are depicted in Supplementary Figures 1a -- 
Statistical analysis
The effect of genotype was computed by linear regression analysis. We calculated the effect size (beta) and standard error (s.e.) for the ancestral alleles on BMI. All analyses were adjusted for the matching variables: age, living area and sex. SPSS 15.0 (Chicago, IL, USA) was used for all statistical tests. All tests were based on an additive model, and P-values were not adjusted for multiple tests. The estimated sample sizes for 80% study power at a ¼ 0.05 in Table 1 are based on KARE parameters, including minor allele frequency, effect size and mean value of BMI.
RESULTS AND DISCUSSION
Of the 32 significant SNPs, 19 SNPs were analyzed for the BMI association in 8842 Koreans of the KARE study. Their clinical characteristics related to obesity are described in Supplementary  Table 1 . The ancestral allele frequencies of the SNPs and the association results are shown in Table 1 . Out of 19 SNPs analyzed, 12 SNPs were associated with BMI (P-value o0.05).
Eight associated SNP loci, rs10968576 (BDNF), rs3817334 (MTCH2), rs1558902 (FTO), rs571312 (MC4R), rs543874 (SEC16B), rs987237 (TFAP2B), rs2867125 (TMEM18) and rs7138803 (FAIM2), belong to the previously known obesity susceptibility loci. The two most significant associations were observed in the SNPs of wellknown obesity genes FTO and MC4R, with P-values ¼ 1.3 Â 10 À6 and 6.9 Â 10 À5 , respectively. Their effect sizes on BMI in Koreans were similar to those of European ancestry. The effect size of FTO by b value was À0.34 in Koreans and À0.39 in Europeans, and that of MC4R was À0.22 in Koreans and À0.23 in Europeans (Table 1 and Figure 1) .
The remaining four associated SNP loci, rs1514175 (TNNI3K), rs206936 (NUDT3), rs4771122 (MTIF3) and rs2241423 (MAP2K5), were BMI loci that were newly identified by the GIANT study. 9 Among the newly identified loci, rs1514175 in the TNNI3K locus revealed the most significance, with P-value ¼ 7.7 Â 10 À4 . Interestingly, the effect size of this SNP on BMI in Koreans was different from that in people of European ancestry (the b value being 0.81 and 0.43 in Koreans and Caucasians, respectively). As possibly expected, the ancestral allele frequencies of rs1514175 were greatly different between the two groups (0.20 and 0.07 in Koreans and Europeans, respectively).
The ancestral allele frequencies of all SNPs in the KARE data were compared with those from the GIANT and dbSNP data (Table 1 and Figure 1) . Out of 19 SNPs tested in this study, 7 SNPs (indicated by the asterisk in Table 1 ) showed different alleles for the minor alleles from those of European ancestry. Among these 7 SNPs, only 3 SNPs (43%) were replicated in Koreans, while 8 SNPs (67%) out of 12 SNPs showing the same minor alleles were replicated. This finding might indicate that the minor allele differences of SNPs between the two ethnic populations contribute more or less to the difference of replication results in this study from those of the European study.
The estimated sample size for 80% study power showed that our sample size was enough to exclude the false-positive association in most cases (Table 1) . However, this study is limited by the other 13 obesity loci associated in the GIANT consortium but not tested in this study. These 13 SNPs could not be extracted from even the imputation data performed using the original Affy 5.0 of the KARE study. Another limitation of this study was the relatively weak level of significance in the association results obtained by this study compared with those of the GIANT consortium. We do not know yet whether this weak significance was derived from the relatively smaller sample size of this study compared with the GIANT consortium, from the inaccuracy of Figure 1 . Illustration of effect sizes (a) and allele frequencies (b) between GIANT and KARE for the significant loci. imputation genotypes or from the ethnic difference in the development of obesity. This part needs to be elicited by the study using other Asian populations.
In conclusion, 12 out of 19 BMI loci were replicated in Koreans, and among these 12 loci at least 4 newly identified loci, rs1514175 (TNNI3K), rs206936 (NUDT3), rs4771122 (MTIF3) and rs2241423 (MAP2K5), were validated for the first time in the Asian population by this study. Further, the comparison of effect sizes illustrated in Figure 1 revealed the same direction in all 12 associated SNPs between Europeans and Koreans.
